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The surface antigens expressed by trse ceils of chronic lymphocyte leukoma (CLL) are 
weli known. Most CLL are monoclonal B-eeN lymph op ro iff erative disorders characterised 
by the compression of 8-ceil antigen and CD8. an antigen present predominantly on T 
cells. Very itttle attention, however, hau been paid to the qualitative characteristics of the 
expression of B-ceJI antigens in CLL. In this study, we used flow cytometry to analyze the 
expression of CD20, a well-known B-eelS-associated antigen, in lymphocytes from 42 
cases of CL.t. and its tissue counterpart, small lymphocytic lymphoma (SLL), and com- 
pared the result* with results obtained from the analysis of 21 follicular lymphomas 20 
hyper pfsstic reactive nodes, and 2S samples of norma! peripheral blood. The intensity of 
CO20 expression in me CLL'SLL cells was significantly lower than that of 8 cells m (he 
other categories. This antigen expression abnormality does not appear to be a universal 
phenomenon in CLL'SLL, since CD f 9, another pan-B antigen, was expressed in CLL'SLL 
at levels higher than those in follicular lymphomas and comparable to those in reactive 
iymph nodes. These results indicate that the low CO20 axpresston can be used as a 
marker for CLL'SLL. The few cases exhibiting intense C02O expression may represent a 
biologically different disease. CLL'SLL cells faintly expressing CD20 also show concomi- 
tant low CD5 expression in a manner not observed in normal COS -expressing B 
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| INTRODUCTION 

Chrome Kmphot> tK kuketma (CLL) ami small !"m 
pKMtic hmphoma .'SLLi art; donai prohle ation of 
small iympho ( ,\ tes m\ ojvtng peripheral Mood boric m u- 
row , ivmph nude-* spleen, and other organs During the 
I'»80s, major imrm nologu t tl advance* and the introduc- 
tion of monoJonai rtrfibudici, fcd to i urocrotis audica 
aimed at characters tut? the surface antigens expressed by 
C 1 L ceils f 1-4 J 1 fie majonty of these studies focused on 
tin. presence »i absence o: cypres von of .uiktcc <io%CfSs 
on th*> icukermc ceils, and very tew considered the anti- 
genie deristf> «isan tntportuitbiologKoJ charade; lmk of 

j tht neoplastic celK [5] In (hit study, we anaiv/ed the 
expression ol a vanctv of rell surface am-gens on Ct L 
and SLL cells bv flow vvlouu tr\ and svcitValK ojiaim- 
Ukd the jntetiMt) or the cypres, ion ot CD2U, a 0 ^eil- 
d stated antiKcn |tS' The ic\uhs wete e<>mp-uuS with 
those of low-grade toHu.uhr ! v ropfn >m^ and oi B cells 

i from hyperplastic reactive Kmph tildes and noimal |,e- 

. nphcrat hfoou 
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MATERIALS AND METHODS 
Samples 

Samples were obtained from materials submitted to us 
for diagnostic purposes. They included M peripheral 
blood specimens from patients with CLL, six lymph node 
biopsies from patients with SLL. 2? lymph node biopsies 
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Ijom patKPb wttb km aradt- S ilhtulai l^mp! oitta-, (M ) 
a id «0 !"<>{ erpla*-U< teat M v ^ notio (Rfsk * tihnatkd to iuie 
out lymphoma Norma! penph -rai biood tfsPB) spcci 
iritn- were ohtuned ron 26 healthv \oluntter ta c ed 
\cat<-t fhe tiugtn of tfuse .ample aa^. based 
on ht m.it'-f iotric j.1 morphnk>gn,( 1 and inirourtotoyie.-il 
rates ia [7, Sj All * ast s tuagn.^ed as CLL had maeased 
number of uauiatm*.' mafme-loolmif hmphotu... 
which labeled a, B t^lls t >e-t t losing CU C Ihcst cd s 
espie-ssed either m detectable ^urfate s/ttfmmoglotn'hns 
ui a "fide inmunoajobulm fu'ht lIi.hu 

Tissue Processing 

\ pt niton ot each b niph node .vas hv d in 10" huh 
cfAt iomubn and processed I )r toutiot hUoEngt. o 
arrmui •'•n Single -eii ,uspenshsns Iron Umplt nodt^ 
were pjepated as dtstrtbui elwwheje l q l Penph-idl 
Hood niononutie.n t-dls wtp-- obtaitud by u-ntnlu nation 
Limmuh o iitoi! hspaqiw tiradit. tit Peuphual 'mt it 
wue prcputd irtd sfamtd h\ the W-nnlit t n^m-ni Truth.*' 
lorroimru morphoiogical etannnatmn 

Immunofluorescence Staining 

iJitett injniunofltjare^ence staining sum monotlnrul 
o- poi>t onal antibodies w it> pti formed at desc ibed p-e 
vf.tuK [ u j Rnffl\ 'ititibodie- < onju^iicd \u(h fit Hies 

ein isotht(x\dnak (.HIO in phvt,ou>thnn iPL> were 
p.Kcd at . pptopitare dilutions m the wtHi of mufotiEtj 
p'aft., ffO] Ont bundled twent> thousand eUls wert- 
p a< ed in L u.h of the wells, u.aihjicd toi J rmrts on iu\ 
atu! v.adied m butfercd salute vtiatit n twice Antibodies 
tn this Ntud 1 , mtkitkd motu clonal ita^cnUs ag-utst CD? 
ds.u Mil. CI i (Lttt 4t tiki (Uu U), < Ds (Ltu P> 
Ch7 (i eu CJ>S <Lu >\k t 1)10 (CAT 1 A - * CD19 
tt en i:>. CD20 i Leu It),, and HI A 1>R (HI A DR> and 
I ntvHonat antibodies i£,aif'si individual immunoglobulin 
light chairr Controls m, ji.Ued FTTC- atiJ PF-^onjugaif J 

^otvpe mat. hed rhnma) »u>ust 1^0 All monodinai at) 
nbodk , vero obtained bom Bet tun Pic\ui-oit iinnmn.. 

)tomctt\ S> stems fSan Jose. ( A) and thf poiyeiondl 
anubodk'b vwk from either <^\iie, Labi^at-ines U'-mtb 
Sin fiaiKisut CA) tit kalksrat! LabotaU'rics i Austin 
IXl Dual v olor{H (C 1 hi HnrtiununiiorestcrKC combi- 
nations included antibuiici ajairiot CD19 kappa, CDiy- 
larttbda, and C D20 C Dt Accoidm^ to th* 1 ma-iuJacmar. 
tnc \anoti-, lots of annbodi^s agamst CI>2*1 us v d m this 

tudv v,er^ conjugated with MFC at FP ratio 1 ; rsrtgina 
trom 4 " tu 4 <■), and the \atiatiott io mean fiuofc^cence 
nk'tisiE) i4 nuffitai biuod Btdls biimtd with thc\dn«>us, 
I ;fs ot rcageors did not e^eod Y > 

Data Analysts 

Data were voiiekted on a Kitsi tn flow k. vtonotv. tHec 
:<in Dickinson !inmiinot>t^metr\ S>s\-ms) Ibc f'uoies 
nee data \<.tte tOlleUtd v, ttb ioj-'uithoik jmslif, anon 



TABLE t IfiU'iitity of Expression ol CD20 on B celts 



FL(21> $4 <0.ft005 ■(! <fl.0» 

RN (20) 67.9 <0.0C«)5 19 (is 

KPB{26i 90.4 <0.000S NO 4 

TLL h'-^n. tv p .<,>ti '■ui' u SLL m d t .mpkxvt) ivn 
ion Tt bw „dt utliau i nfhr-na R, uaaive B.ict 

Iweerplasia: NPB. norma! peripheral WtwxJ. 
v t issuer, ill i L ep< l> .imp 'tnuc a%es n m cjn.lt gioupii 1 1' i, 

< U '■LLu'.i^ttn.ksu s- v\,ill[ tw t sarmlrlt t^Nit i«ntiKji 

H>nty 41 esses anawzea. 



Cfid ! * svs software iBeoton I tftson Inttnunoc^cnie 
tr, iwemsi >, as ust.0 tu umun thL ingaiithmii. djt t into 
hrk.n , qrtvalcni fluuiestt nee v aW- ] en thoibatu tells 
vttre eolle. i ^ in e ivh sampk and d.iU vt vre stored ir list 
mode I *p?e i Mofi ol tht \attous antigens w i vt^ull, 
drtennint'ti on lorwatd bjht s t jttirfluousi 'no ntf-n 
m% buanak plos, b> t nopiun^ hndnw o| spuib 
anttbodv with th it oi the i^otvpe nufehtd i^G totrj >) 
Irt.ii it> of rD20and CDI< c^wioi or ittnpho^t.^ 
was talculated b\ di\tdtnt r the peak \ahtc of the 1 tuar- 
nutuciteTtee of Jhe positive dis'rtbtilion b. that ol 
tht. footspc-makhed Igfj ti^ntrol ! hv, a scs t vnt ot mt 
ftiufiofflohulm light chair tsp r e.. ion was p^rlotmrt hv 
mailing trrnriiinoi'lobultn light ihaindistnhntt his it tSv 
C Di9 t.s pressing -t'\U onlv 



RESULTS 

in addifkHi lo B cell ,\nt)£fi»3 (UM9 and CiPUt and 
Tf> e , CLL Si L sells c\pt«s"sed HI \ DR hut JjckfJ e 
pies^iort of r-tClf makers aich as CD2 ( Dk t fJ! 
OD7 jtitl CDS Nu t'ifiav.1* snununtyJobilm was de- 
tected m two cases and tht rei»f showed \pn sstort of a 
single immunogfobuhn light tltain CJ> K.«ppa 12 
lambda k vvhkh was often famt CP in w^s nm t.ipie-,s t j 
m ajts of the CI L'Sl I ccses \J1 tas^s of n ddnon 
stated HLA-DR, CD! 9, and CD20 but UkeU CO^ t^ 
oieision FL also tbowird smgk itntnuim^lobiiliji ligftt 
cbaifi c?.pr^j!o« < 15 lap[>a, t> lambda i and CDt 1 ) t a 
pieseiit m "6s7, ot the cases In .ontiast, ot h I s'V V J 20> 
ot the RN expressed CD 10 N'ouc nl the^RM dr rror 
skditrj a re^nttei! light chain expression 

Ilk iriU;uif\ o! CD2{) cs[ esstutt m th< 4.. ci es of 
1 ' I ML ,i. sho\\it in Tablj and Fi^ i Ihe u\< d'art 
rtiioifstentt. tnten.its ol CD20 m CLL SLl ftj, 3 ^ '' 
,i tin'e I i Ffk whvieas the mt.ot ( ai \a3ues tn FL KN. 

l'4> arid l >0 4 trani^ i(J jOQ) re.pettivt.Sv Ihcotlfcr- 
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Fig. 1 . Intensity of C020 expression in 42 cases of chronic 
lymphocytic leukemia (CLL), 21 cases of follicular lym- 
phoma {FL), ?0 eases of reactive lymph nodes (RN) and 26 
samples of normal peripherai blood (MPS). Crosses indicate 
median values. 




Fig. 2. Intensity of CD19 expression in 41 cases of chronic 
lymphocytic leukemia fCIL), 21 cases of follicular lym- 
phoma (PL) and 20 cases of reactive lymph nodes {RN} 
Crosses indicate median values. 



tnces between CD20 niensisv ■ >( e\pre-,ton jo (.1 L Si L 
and thai of each oi the ,«h< r groups » ere hi^hh < utt >n 
«IIv significant tkoiohJti % aJli* 2 ■ ample ttst, P < 
0.CKJO5 J- The median fiuorescetue mtuisifv of CO J 4 u jv 
16.4 («m S c 6.4-44 b» Un CLL SLL, R) Td!l^-^) OS 
FL. and 19 (range 1 ^ U ^forRN In >fn- tuJ\ t Hi') 
•intiboJicji were not rested u NPB Ihcrewa (]I /m 'mu- 
cartt difference betacr n th mtcnMi, nj t LU9 opres^m 
'"CLL'SLLcellsanJinlUtllaotkN Hu^tvw i PW 
«*pfession in CLL SLL ttlh was mote merw fh n rn B 
ceils of FL f/» < £}'K.)MiF)g 2i 
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Fig, 3. Dual color analysis of CD20 and CDS expression m a 
case of chronic lymphocytic leukemia {A) and normai pe- 
ripherai blood {B, C). Ceils were simultaneously exposed to 
FiTC4abelied anti-C020 artd PE-labeffed anti-CDS The ma- 
jority ot celts in A exhibit faint CD20 and CDS. No ceils with 
similar intensity of expression are seen In & and C. Norma! 
biood lymphocytes coexpresslng CD20 and CQ5 demon- 
strate either norma! CD2G and feint CDS expression (B) or 
norma! COS and faint CO20 expression (C). 



Simultaneous dual-color cotwlaiod immtmoilu.ucs- 

ocfice iiiidly.sis wa<; perfonned in NPB KM.)i.t;imitak Ch20 
and CD.^ coexpremm^ i-clls-whivt m<n reprint puta 
tive normal counterparts of CLL ceiis.'l'his analysts te- 
vealed the prevent* of two discrete sim'A subj*>puiauoris 
of h mphocyt^. cov'xpre^hitiH CD? and CD20. One >>f thr 
subpopulations expressed Cf>20 antigen wtih it fluores- 
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eenee intensity similar to that of normal E cells but with 
less CDS expression than normal T cells (Fig. 3B). The 
other subpopulation showed exactly the opposite pattern, 
with a relatively bright CD5 expression (similar to nor- 
mal T cells) and a relatively dimmer CD20 expression m 
comparison to the normal B cells (Fig 3C) Because of 
{heir relatively low numbers and !he faint expression of 
cither antigen, a precise quantitation of these suhpopu ra- 
tions was not possible En all of our CI J JSl ■ cases, CDS 
was expressed at lower levels than in no* ma! T cells (data 
not shown). '.I furs, wjih the exception of those few cases 
when CD20 was detected in norma] amounts. CLL/SL 
cells did not coexprcss CD20 and CD5 antigens in the 
same manner as N'PB lymphocytes. 

DISCUSSION 

The iromunophenotypic analysts of CLL-'SLL, FL, 
R.N, arid NPB performed in our laboratory confirms in 
general the data published in the literature |i-4,l i. 12]. 
However, our study demonstrates tlx 1 unique feature of 
faint intensity of CD20 expression on CLL'SLL cells 
CD20 intensity expression on neoplastic B cells has rs-jt 
been thoroughly examined previously. We are aware of 
tour publications in which this analysis was specifically 
addressed (3. 13-15], Our results are similar to those of 
Cossman et al. [13j, who found that the cells of ten SLL 
cases had less CD2fl expression than either foil rent ir 
center cell lymphoma or intermediately differentiated 
lymphocytic lymphomas. Likewise, Marti et al. {;>] 
found a reduced expression of CD20 reagents in five 
cases of CLL. On the other hand, our findings, are some- 
what different from (hose of Freedman et al. [14j, who 
found that CD20 was expressed strongly on CU, cells. 
We jIso cannot confirm the. high frequency of bright 
CD20 expression in CLL described by Maddy et al. [15J, 
who divided CLL cases into two approximately equal 
groups on the basis of the intensity of expression of Ingh- 
am.! iow-moiecnlar-weight leukocyte common antigen 
CLCA) and found high expression of CD20, CD2L and 
CD22 in the subgroup with denser expression of high- 
molecular-weight LCA. These discrepancies may be due, 
tn part, to different staining procedures, to dissimilar 
fiuorechrom.es, or to the cell separation procedures used. 

One may argue that, although in our study antibodies 
were used in saturating amounts, CLL samples contain 
many more B cells than samples of normal blood. Thus 
the decreased staining with CD20 antibody could be due 
to insufficient reagent available in the preparations ; .o 
saturate the B-CLL cells. Thus is very unlikely, since the 
low CD20 expression is riot observed in other B-celi 
lymphoproiiferattve disorders containing die same rela- 
tive number of B ceils, and residua! CDS -negative nor 
mal B ceils sometimes present in CLL/SL samples ex- 
press normal levels of CD20 {data not shown). 



ft is important lo emphasize that the values of fluore.s- 
cenee intensity reported in tins paper apply only to the 
cases studied in our laboratory and could not. he directly 
compared w;ih results obtained with different reagents 
aita-'or other instruments. The results of the measure- 
ments could be standardized if they weie expressed as 
antibody binding sites per cell. This would require the use 
of standard panicles to measure quantitatively both the 
molecules of equivalent fluoroehiOotft and the avcrapi- 
fluorescence intensity per antibody Etioiecule for each 
reagent J 16], 

In the past, attempts to correlate imtnunophefnnypic 
analysis with prognosis in CLL, weie unsuccessful (.17- 
5SM. However, it should be noted that these studies dealt 
primarily" with presence or absence of surface antigens, 
with little emphasis on the intensity of expression. In our 
series, very few cases of CLL show intense CD20 expres- 
sion. We cannot determine at this time the clinical rele- 
vance of this observation, but the density of surface 
CD20 may indicate a biologically relevant phenomenon 
in CLL arid may represent a variable of prognostic value, 
fn fact, we frequently observed intense CD20 expression 
in cases of prolymphocyte leukemia studied in out labo 
ratory {data not shown.). 

Many observers have coitelated phenotypic maskers of 
B-CLL with (hose expressed at various" .stapes of matin a - 
tion of normal B cells. Cossman et al. | J 3 S hypothesized 
that the tumor cells in SLL are more differentiated and 
closer to plasma cells than those of follicular arid interme- 
diately differentiated lymphoma cells. Indeed, the notion 
thai CLL'SLL ceils are at a late stage of differentiation is 
substantiated by in vitro studies showing that activation 
of B cells leads to a characteristic phenotype resembling 
that of B-CLL [J4j. Although we did not study the matu- 
ration sequence of neoplastic B ceils, we show that there 
is a decrease in the intensity of CD20 in B cells of RN 
compared wsth NFB, suggesting that stimulation.'' 
activation and perhaps further dillerentiation of B cells 
may be associated with a decrease m CD20 expression. It 
is believed that CD20 functions as a calcium channel iT. 
Tedder, jx:r$onaJ communication) and that it regulates a 
step in B cell activation that is requned for further differ- 
entiation f'20]. This suggests that B cells at dtffctenr 
stages of differentiation may express different levels of 
CD20. However, it is uncertain whether the surface anti- 
gens of CI .USl J . cells reflect a unique stage of normal B 
cell differentiation or represent an abnormal phenotype 
due to neoplastic transformation. 

The few B cells that normally covxprcss CDS and 
CD20 may expand tn autoimmune disorders [21-211 and 
may be the target for neoplastic transfomiafton in CI. I 
The dual color analysis performed in our samples in 
healthy donors confirmed the presence of ihese cells in 
small percentages. However, we found two populations 
of such cells, and. judging by their antigenic density, we 
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